Background: Acromegaly changes body composition (BC), but long-term gender differences have not been reported. Objective: To evaluate BC in active and controlled acromegalic patients. Design and methods: Clinical and biochemical variables and BC (by dual-energy X-ray absorptiometry) were evaluated in 60 acromegalic patients (19 active, 41 controlled) and 105 controls, matched for age and gender. Results: Acromegalic males (nZ24) had more total mass (89G13 vs 76.5G15.3 kg, P!0.001), lean body mass (LBM; 64.6G8.7 vs 56.4G5.8 kg, P!0.001), and bone mineral content (BMC; 2.9G0.5 vs 2.6G0.3 kg, P!0.05) than controls (nZ33). Controlled male patients (nZ14) had more total mass (89G14.7 vs 76.5G15.3 kg, P!0.05) and a trend to have more LBM (61.8G9.4 vs 56.4G5.8 kg, PZ0.065) than controls. Only in active disease was a decrease in fat mass (FM) observed, compared with controlled patients and controls (males: 19.5G5.3 vs 27G6.2 and 25.9G4%, P!0.001; females: 30.3G 6.7 vs 37.1G5.8 and 36.5G6.6%, P!0.01). In females, no further differences were observed. No differences in BMC were found between eugonadal and hypogonadal acromegalic patients, but in hypogonadal females, acromegaly appeared to prevent the BMC loss seen in hypogonadal postmenopausal controls. GH and IGF1 levels were negatively correlated with FM (males, P!0.05; females, P!0.001), but in the regression analysis GH was a predictor of FM only in women. Conclusions: Control of acromegaly reverts decreased FM in both genders; only in males more total mass and a trend for more LBM persist. The anabolic effect of GH on bone reverted in cured males, but persisted in females and appeared to override the bone loss of menopause.
Introduction
Body composition (BC) in acromegaly has been previously evaluated with bioelectrical impedance analysis, total body potassium, total body water, and anthropometry (1) (2) (3) (4) (5) . Dual-energy X-ray absorptiometry (DEXA), introduced more recently in the assessment of BC, has the advantage of providing a comprehensive, non-invasive estimate of each tissue compartment. BC changes in acromegaly, namely body weight, lean body mass (LBM), and bone mineral content (BMC) increase, while fat mass (FM) is reduced (3, (6) (7) (8) (9) , but differences between genders have not been previously described. Increased body fat, and especially visceral fat, is associated with an increase in cardiovascular risk in normal population (10, 11) and different diseases (11) (12) (13) ; whether a decrease in body fat is related to changes in cardiovascular risk in acromegaly is not known. Brummer et al. (14) showed in 15 patients with acromegaly that changes in BC tended to be more pronounced in men than in women. This was a 1-year follow-up study, and no further reports have approached this issue or evaluated long-term changes in BC. The primary aim of this case-control study was to investigate BC, as assessed by DEXA, in acromegalic male and female patients, both with controlled and active disease, and to compare results with those of healthy controls matched for age and gender. In addition, possible relations between BC and relevant clinical and biochemical variables were investigated. treated in our center since 1982; 57 cases were excluded for the following reasons: 15 had died, 20 were presently followed at other institutions, and 22 declined to participate. The final number of cases included in this study was 60 (24 males and 36 females); 54 had undergone surgery (53 transsphenoidal and 1 craniotomy) and 3 conventional radiotherapy, as the first definitive treatment. At the time of the study, three persons were awaiting transsphenoidal surgery and were on somatostatin analog treatment. As secondary treatment, 6 were reoperated (transsphenoidally) and 22 were irradiated (19 with conventional and 3 with stereotactic radiosurgery). At study entry, GH hypersecretion persisted in 19 patients, of which 17 were treated with somatostatin analogs and 3 with pegvisomant. Disease duration was defined as years reported by the patient since symptoms appeared until cure criteria were achieved; in non-controlled patients, this period extended until study date. Disease remission was defined as the years since criteria of cure were achieved to study date.
From the blood donors' database at our hospital, 33 men and 72 women were selected as healthy controls. For each patient, blood donors matched for age, gender, and date of blood donation (the same year of the diagnosis of acromegaly) were identified. For each patient, letters were sent to four selected controls, and a phone call was made 1 week later in alphabetical order; the first controls to accept were included.
Both patients with acromegaly and healthy controls were evaluated by a single doctor (N S), who updated the clinical history and performed a physical examination, including anthropometric measurements. ATP III criteria (15) were used to define metabolic syndrome. Whole body DEXA and blood sampling (including blood glucose, total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, insulin, GH, and IGF1) were performed. Biochemical control of acromegaly was defined as GH levels !1 mg/l during a 2 h 75 g oral glucose tolerance test (OGTT) and normal age-and sex-matched IGF1; patients who did not attain these levels were considered active. Patients presently on somatostatin analog treatment were considered active if IGF1 was above normal, without repeating an OGTT. All patients and controls gave informed consent after study approval by the hospital ethics committee.
BC analysis
Lumbar spine and whole body bone mineral density (BMD) and BC (BMC, whole and truncal FM, LBM, and total mass) were measured by DEXA scanning (DEXA, Delphi QDR 4500, Hologic, Vilvoorde, Belgium). The mean precision error (coefficient of variation) was 1%. This technique measures the body components of maximum density (mineral in bone BMC) and minimum density (FM), and the remaining body mass is considered LBM (which includes muscle, visceral organs, connective tissues, etc).
Biochemical measurement
Blood samples were collected after an overnight fast. Routine serum determinations were performed by standard automated techniques: total cholesterol and triglycerides by enzymatic methods, HDL cholesterol by a direct method, and LDL cholesterol by the Friedewald formula. Serum GH was determined by a chemiluminescence system (Immulite DPC; EURO/Diagnostic Products Corporation, Llanberis, UK), which uses the hGH 80/505 calibrator with a sensitivity of 0.01 mg/l (conversion factor for SI units, mg/l!2.6ZmIU/l) and with intraassay coefficients of variation of 5.3-6.5%. Serum IGF1 concentration was determined by IRMA (DPC Immulite 2000 chemiluminescence system) with a sensitivity of 20 mg/l and intra-assay imprecision of 2.6-4.3%.
Statistical analysis
A descriptive analysis was performed as the first step. Data distribution was analyzed by the Kolmogorov-Smirnov test. Comparison between three groups was performed using an ANOVA, and between two groups using Student's t-test (Gaussian distribution) and Mann-Whitney's U-test (non-Gaussian distribution). Pearson's correlation coefficients were used to explore the association between whole body DEXAvariables and anthropometric and biochemical measurements. The correlation between two variables was calculated using Spearman's rank correlation test. In order to find predictors of BC, correlations using Spearman's rank and a stepwise, forward lineal regression analysis were performed, including BC variables as dependent variable, and disease duration, age, IGF1, and GH as independent variables. Data were analyzed using SPSS version 15.0 statistical package for Windows (SPSS Inc., Chicago, IL, USA), and statistical significance was set at P!0.05. Quantitative data were expressed as meanG S.D. (Gaussian distribution).
Results

Comparison of acromegalic patients and controls
Patients with acromegaly had more diabetes (23 vs 2.4%, P!0.001), hypertension (37.7 vs 15%, P!0.005), and metabolic syndrome (25.4 vs 5.4%, P!0.05) than matched controls. No differences in the prevalence of dyslipidemia (30 vs 24.7%), obesity (23.4 vs 19.3%), or smoking (26.2 vs 16.3%) were observed between patients and controls. Clinical characteristics of the acromegalic patients and healthy controls are presented in Table 1 . Males (but not females) with acromegaly had more total body mass (P!0.001), LBM (P!0.001), and BMC (P!0.05) than controls. No differences in body mass index (BMI), waist circumference, or FM were observed between acromegalic patients and controls in either gender.
Comparison of controlled and active acromegalic patients
No differences in the prevalence of diabetes, hypertension, dyslipidemia, metabolic syndrome, or obesity were found between cured and active patients at the time of the study. In active disease, both males (nZ10; Table 2 ) and females (nZ9; Table 3 ) had a decrease in total FM (P!0.001 and P!0.01 respectively) and trunk FM (P!0.001 and P!0.05 respectively) when compared with controlled acromegaly and controls. Males (but not females) with active disease (nZ10) also had more LBM (P!0.001) and BMC (P!0.001), and a trend for more BMD (PZ0.077) and total mass (PZ0.066) than controls. Males ( Table 2) with controlled acromegaly (nZ14; but not females; Table 3 ) had more total mass (P!0.05) and a trend to have more LBM (PZ0.065) than controls (nZ33). No differences in age, BMI, or waist circumference were seen between controlled and active acromegalic patients of both genders.
Effect of gonadal function
Since gonadal function is another determinant of BC, the study groups were subdivided according to their gonadal status. Hypogonadal acromegalic women (nZ26; 23 menopausal aged O50 years and 3 premenopausal, gonadotropin deficient) were older (P!0.01), had a trend to have a greater waist circumference (PZ0.051), and more total and trunk FM (P!0.01) than eugonadal patients (nZ10; Table 4 ). The same differences were found between hypogonadal (nZ43, all menopausal) and eugonadal (nZ20) control women. In contrast to female Data are expressed as meanGS.D. GH level: nadir GH post-oral glucose tolerance test or basal GH in patients on somatostatin analog treatment. IGF1 is expressed as SDS. BMI, body mass index; LBM, lean body mass; BMC, bone mineral content; BMD, bone mineral density. *Controlled patients had more total mass than controls (P!0.05). † Active patients had less total and trunk FM than controlled patients and controls (P!0.001 and P!0.01 respectively). ‡ Active patients had more LBM than controls (P!0.001). § Active patients had more BMC than controlled acromegalic patients and controls (P!0.01 and P!0.001 respectively). controls (where eugonadal subjects had more BMC than hypogonadal ones), no differences in BMC were found between eugonadal and hypogonadal acromegalic patients. No differences in age, BMI, waist circumference, or BC variables were found between active and controlled acromegalic hypogonadal women. In men, no differences were found in BC variables between eugonadal (nZ18) and hypogonadal (nZ6) acromegalic patients (total mass, FM, LBM, BMC, and BMD; data not shown). Comparison of gonadal status in healthy male controls was not possible, since only one male control was hypogonadal.
Correlations with BC
GH levels were negatively correlated with total and trunk FM in acromegalic men (rK0.514 and rK0.490; P!0.05 respectively) and women (rK0.751 and rK0.778; P!0.001 respectively). IGF1 was also negatively correlated with total and trunk FM in men (rK0.581 and rK0.538; P!0.01 respectively) and women (rK0.411 and rK0.390; P!0.05 respectively).
No other correlations were found in acromegalic patients and controls between BC variables and biochemical measurements analyzed (cholesterol, triglycerides, and glycemial; data not shown). After a stepwise, multiple linear regression analysis (which included total and trunk FM as the dependent variables, and years of disease, age, GH, and IGF1 as independent variables), only GH in acromegalic females, and not other variables, predicted total FM (r 2 Z0.686, bZK0.828, P!0.01) and trunk FM (r 2 Z0.840, bZK0,840, P!0.01). This means that 68% of the variation of the total and 84% of the trunk FM were explained by GH. The acromegalic females were older than the males (55 vs 48 years, P!0.05), thus justifying including age in the linear regression analysis. Data are expressed as meanGS.D. GH level: nadir GH post-oral glucose tolerance test or basal GH in patients on somatostatin analog treatment. IGF1 is expressed as SDS. BMI, body mass index; LBM, lean body mass; BMC, bone mineral content; BMD, bone mineral density. *P!0.01 between eugonadal and hypogonadal acromegalic women; † P!0.01 between eugonadal and hypogonadal healthy control women; ‡ P!0.05 between eugonadal and hypogonadal healthy control women. No differences were found when eugonadal acromegalic patients and controls or hypogonadal acromegalic patients and controls were compared.
Discussion
In this study, BC in acromegaly is compared with that of normal subjects, matched for age and sex. It is known that GH excess causes marked expansion of extracellular fluid volume, reduction in body FM, and increases LBM and BMD (6) (7) (8) (9) (16) (17) (18) (19) (20) . In both genders, when serum GH and IGF1 decrease after treatment, body weight falls over the first weeks due to a decrease in total body water, body cell mass, and LBM (3, 4, 6, 16) . But in most of the studies, body weight returned to previous ranges, due to an increase in body FM, 3 months after hormonal normalization (3, 4, 14, 16, 18) . To our knowledge, the long-term effect of acromegaly on BC has not been previously reported. In our study, no differences were found in BMI or waist circumference between acromegalic patients and healthy controls in either gender. Males with acromegaly (taking together those with controlled and active disease) had more total body mass, LBM, and BMC than control subjects, but no differences were found in FM (total and trunk). By contrast, no differences were found in BC variables between acromegalic females and control subjects, suggesting that excess GH/IGF1 affect BC in acromegalic males differently than in females.
Confirming previous studies (3, 9, 14, 19, 20) , active acromegaly was associated with less trunk and total FM than in controlled disease, in males and females. Moreover, this modification is reversible after disease control, since successfully treated males and females attain the same FM as that of controls. The reduction in FM in acromegaly is due to an inhibition of lipogenesis and stimulation of lipolysis caused by GH excess (7, 8, 17) . O'Sullivan et al. suggested that the increased energy expenditure observed in acromegaly could be another regulatory mechanism of FM; energy expenditure was reduced and FM increased as GH and IGF1 levels decreased with treatment (19) .
Recent studies reported normal or increased bone mass in active acromegaly, but the effect of GH excess on BMD after hormonal normalization and possible gender differences remain unclear. During active acromegaly, it has been suggested that the anabolic effect of GH might be more pronounced in men, especially in cortical bone, with greater bone formation than resorption, regardless of gonadal function (21) . In our study, active acromegalic male patients, but not females, showed more BMC and a trend for more BMD than controlled patients and normal subjects. A maintained anabolic effect of GH excess on BMD has been suggested to persist for a mean of 10 years after effective treatment of GH hypersecretion in males and females (22) . Patients successfully treated for acromegaly maintained a BMD within or above the normal range (22) and the risk of peripheral fracture remained lower compared with controls (23) .
The relationship between gonadal status and BMD in acromegaly has not been clearly established. An Italian study suggested that the anabolic effect of GH excess was sex independent in eugonadal patients with active acromegaly (24) . Hypogonadism, which is relatively common in acromegaly, was reported to decrease BMD in active acromegaly compared with eugonadal patients or controls, especially in trabecular bone (9, (24) (25) (26) (27) . However, other studies did not confirm these findings (22, (28) (29) (30) , since active acromegalic females did not have more BMC and BMD than healthy controls, as seen in males. This difference could be the result of the anabolic effect of GH on bone, on the one hand, and different exposure to gonadal steroids in both genders, on the other. Moreover, our data confirm that hypogonadal female control subjects had lower BMC than eugonadal women, but this difference was not found between hypogonadal and eugonadal acromegalic female patients. This may suggest that at least in acromegalic females, the anabolic effect of GH on bone may prevail over the lack of estrogens.
In most studies, an increase in LBM is found in active acromegaly, but again no gender differences have been reported (1, 6, 7, 9, 31) . GH hypersecretion has clear anabolic effects on protein synthesis in acromegaly. In our study, active acromegalic males had more LBM than normal male subjects, but these differences were not found in females. When controlled acromegalic male patients were compared with healthy controls, LBM and total mass remained higher in acromegalic patients, even when hormonal levels had been normal for over 9 years. This would suggest irreversible changes on lean body tissues in males induced by excessive GH and/or IGF1, which persist after endocrine normalization. This was not observed in females since active acromegalic women had similar LBM to healthy controls, indicating that GH acts differently on the LBM (which includes muscle, visceral organs, connective tissue, etc.) of males and females. This gender difference could be mediated by testosterone, which is known to enhance the metabolic effects of GH. Moreover, low-dose GH administration, which increases protein synthesis in healthy aged women and men, when co-administered with testosterone, only enhances this effect in elderly men, but not in women (32) . Additionally, GH-deficient males are known to be more sensitive to treatment with rhGH and the response to GH of LBM varies with age, as demonstrated in GH-deficient patients treated with rhGH (33) . In this study, the greatest increase in LBM was found in patients aged under 40 years, was less but still significant in 40-to 60-year-olds, and no effect was seen in patients over 60 years, even after 3 years of rhGH therapy. Our acromegalic females were older than the males; furthermore 8 out of 24 (33%) of males were aged !40 years, while only 5 out of 36 (14%) females were in this younger age range. Thus, we speculate that the lack of an effect of GH and IGF1 on LBM in females may be related to an age-specific LBM responsiveness to GH.
In our study, disease activity (IGF1 and GH levels) was correlated negatively with FM in men and women, but only in females did GH predict total and trunk FM in the stepwise, multiple linear regression analysis. This suggests a causal relationship between GH and FM in females, while in males other factors should explain the negative correlation observed, such as gonadal status, more active lifestyle, and a greater proportion of younger patients.
Estrogens are known to reduce lipid oxidation in normal and GH-deficient women and may contribute to the increase in body fat observed sometimes after oral estrogens (34) . On the other hand, in healthy elderly males testosterone stimulates pulsatile and total GH production and thereby elevates IGF1 concentrations (35) and reduces FM (36) . Whether these effects of gonadal steroids also play a role in predicting FM in acromegaly is presently unclear.
As reported previously, acromegaly was associated with a higher prevalence of diabetes mellitus, hypertension, and metabolic syndrome than in the control population, features associated with an increased cardiovascular risk (37) . The main cause of death in acromegaly is cardiovascular, most often cardiomyopathy or arrhythmias, but rarely ischemic heart disease. The changes in BC observed in acromegaly, especially the fall in body fat may contribute to explain this apparent paradox of less coronary disease despite more risk factors.
In conclusion, acromegaly induces considerable changes in BC, which cannot be implied by simple anthropometry like BMI and waist circumference. DEXA appears to be a valid and useful tool in the assessment of BC in acromegaly. Changes in BC affect all three compartments studied. Regarding FM, a decrease was consistently found in active acromegaly in both men and women, reversible after disease control, since both males and females attain the same FM as controls. Regarding LBM, acromegaly did not induce any changes in females; in men, LBM and total body mass increased irreversibly, despite biochemical remission of acromegaly for over 9 years; thus, control of disease is not sufficient to normalize all variables of BC. Regarding bone, acromegaly affected males and females differently; in males, active disease increased BMD and BMC, which normalized with disease control, but no effect of gonadal status was evidenced. In acromegalic females, neither activity nor hypogonadism seemed to affect BMD or BMC, possibly as a result of the anabolic effect of GH, on the one hand, and that of hypogonadism, on the other; thus, acromegaly may protect females from the effect of menopause on the bone.
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